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Abstract: This study will examine how the correlation between air and water quality and the
population demographics of India, South Africa, and the United States. India is a country with a
growing population, increasing income inequality, and gender roles that reflect its status as a
developing nation. South Africa is much smaller in area and the population is beginning to level
off, but South Africa’s income inequality is growing much faster than India’s and gender
inequality is less of an issue in South Africa. The population of the United States is decreasing
and gender roles are fairly equal, despite income inequality growing fastest of the three
countries. Each country has air and water quality issues due to power generation and economic
traits, but general trends arise. In all three countries, income inequality is increasing, and a higher
concentration of impoverished people live in rural areas. Rural areas of developing countries are
subject to environmental degradation and poor environmental quality, meaning these people are
more susceptible to the effects of climate change and extreme weather events, pushing them
further into poverty. This is a world issue, and this knowledge can serve as a template for
potential solutions for other countries that may have one or multiple characteristics in common
with the countries.

Keywords: air quality, water quality, India, South Africa, United States, gender equality, age
structure, income equality, environment, demographics, population
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Impacts of Environmental Quality on the Demographics of Three Nations
I. Introduction
Study of demographics is a quick way to compare one country to another, as the
differences in demographics between countries are likely due to some key economic or cultural
factor. Likewise, environmental issues have a way of impacting the way people live and work in
a region or nation, thereby also impacting the demographics of the area. Due to varying initial
situations though, environmental impacts alter different countries’ demographics in different
ways, meaning some countries are more likely to be impacted depending on their initial situation.
The goal of this project is to create a way to compare and contrast environmental quality.
The idea is not to produce a spectrum to use to measure environmental quality in separate
situations, but to introduce three scenarios that can serve as examples for other areas and nations
dealing with similar problems. With that in mind, the first objective is to find environmental
indicators that affected large regions and/or nations as a whole, as this is the best way to measure
environmental quality of nations as a whole. The most reasonable gauges are air and water
quality, as major air quality problems affect most major cities and large regions of a nation, and
water issues typically affect large groups of people that get water from large sources such as
major lakes and rivers (Adeola, 2000).
Next, it is necessary to determine demographic indicators that could be used to evaluate
how the region’s air and water quality issues are affecting the population of that area. Income
inequality will be used to measure the economic effects that the population is experiencing as a
result of air and water conditions. A country’s age structure can be evaluated and used to
examine how water and air quality are affecting people of a certain age, as well as whether or not
there are certain age groups at risk. Additionally, this measure can help judge trends in
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reproductive health and population growth within the nation. Lastly, examining gender roles
within each country will enable the investigation of how environmental quality affects the
everyday lives of the people within each region (Adeola, 2000).
The last task in constructing this project is to determine which three countries would be
the best areas of study and would most represent nations that others could relate to when
attempting to assess other environmental situations. The first criterion was that the country had a
large population, so that demographics could be adequately measured using a large enough
sample size. Next, the country needed to display distinct attributes in terms of income inequality,
age structures and gender roles, as to represent a population that is comparable if another region
is trying to replicate their results. Lastly, the country must be the victim of air and water quality
problems that affect the way the people of the country are able to function. Ultimately, the
countries selected were the India, South Africa, and the United States, as highlighted in Image 1.
II. Characteristics of Nations
i.

India
India is a nation with an area of around 1.27 million square miles and a population

near 1.3 billion as of 2013 (United States Census Bureau). Located on the south-central
coast of Asia, the country is comprised of six major areas (deserts, rainforest, high
mountain, glaciers, rainforest, and islands) with great overall variability in seasonal
characteristics (New World Encyclopedia, 2016). The country as a whole has three
seasons, categorized as dry, hot, and wet. However, temperatures vary seasonally as well;
winter (January-February), where temperatures average 10-15C, summer (March-May),
with average temperatures between 32-40C, a period of heavy rain causing monsoons
(June-September), where temperatures vary between 28-34C, and a season of drainage
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and monsoon recuperation (October-December) with temperatures between 30-36C
(New World Encyclopedia, 2016).
The nation also experiences periodical extreme weather events such as heavy
rainfall, with results ranging from landslides in mountainous areas, as well as floods
during monsoon season, hailstorms causing extensive property damage in the northern
regions, intense tropical cyclones comparable to Category 5 hurricanes, and droughts that
decimate the agriculture that enables the population to grow as much as it has (New
World Encyclopedia, 2016). Global climate change and El Nino episodes cause these
extremes to fluctuate, and prevailing winds over the subcontinent can cause gradual shifts
as well as concentrated weather events as well.
Although India’s economy is shifting to the information technology industry,
agriculture, textiles, mining, and petroleum production still make up a large part of
India’s gross domestic product (Bhattacharya, 2006). India produces a variety of staple
crops across the country, ranging from rice in the southern half and very far north and
wheat generally across the center, as well as sorghum and millet in the central and
northern regions, while the far eastern section of the country is unused (Bhattacharya,
2006). Textiles are located across the country with the exception of the very center, with
cotton in the southwest, silk in the extreme north, south, and east, wool in the north, and
jute in the east (Bhattacharya, 2006). India’s major mining industry includes bauxite in
the central and southern portions, limestone across the whole country, and iron ore in the
central states, with coal, mica, chromite and diamond mines present in smaller sections as
well (Bhattacharya, 2006). Lastly, petroleum is found in small pockets along the
northern-central border or India, and along nearly the entire southern coast in the Arabian
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Sea and the Bay of Bengal (Bhattacharya, 2006). Overall, nearly all of the country is
somehow industrialized, with the exceptions of the northernmost and easternmost states.

ii.

South Africa
South Africa is a comparatively small nation at the southern tip of the continent of

Africa, with a land area just over 471,000 square miles and a population near 53 million
(United States Census Bureau). The western half of the country is a desert climate, whose
temperatures and humidity depend heavily upon elevation. The eastern portion, however,
is a much more tropical climate, and pockets of Mediterranean and temperate climates in
the south (Tregenna, 2011). The area experiences four seasons, but due to its location in
the Southern Hemisphere, they are opposite what we would typically believe. Winter
temperatures, occurring between June and August, range between 6-20C, while from
December to February, summer temperatures tend to vary between 18-30C. Spring and
fall temperatures usually lie around 14-25C (Tregenna, 2011). Regardless of the season,
the country usually receives at least ten hours of sunshine per day.
Average annual precipitation in South Africa tends to be around 450mm, with a
majority falling in the eastern regions and a larger proportion of rainfall occurring during
the summer months in the form of short thunderstorms in the afternoon. The area’s
weather is also partially influenced by the convergence of currents from the Indian and
Atlantic oceans. The warm ocean current (called the Agulhas Current) flows along the
east coast while the cold Benguela Current runs along the western coast. This results in
an average 6C difference in temperatures between cities such as Durban on the east coast
and Port Nolloth on the west, although these two cities occupy a similar latitude.
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South Africa became a major global player in the 1800s when it was distinguished
as a huge source of gold and diamonds (SOS Children). The country’s reserves of gold
and diamond and other resources created an economic boom, and are now paired with
agriculture and fishing to form today’s South African economy. Current mining practices
vary by location across the country, with asbestos, chromium, copper, iron, manganese,
platinum and uranium in the northern region, coal in the east, and diamonds in a belt
along the central portion, extending from the country of Lesotho all the way to the
western coast (“South Africa”). Agriculture covers almost the whole country, with the
exception of the northeastern and northwestern boundaries, as well as small portions in
the southern and southeastern regions (“Agriculture”). A large part of eastern South
Africa, as well as the southwestern most point is used to produce grain, including corn
and wheat, as well as livestock. The remaining land is generally used for grazing and
mixed farming, with the exception of the coast just north and south of Durban, which is
used to produce sugarcane. The country also has cotton, peanut, tobacco, fruit and
vegetable farms as well as vineyards, all scattered near major cities such as Cape Town,
Upington, Johannesburg, Pietersburg, Ladysmith, Durban, Port Elizabeth, and Pretoria.
Sport fishing is typically off the coast into the Southern Ocean, while natives fish from
certain coastal areas or small inland lakes and rivers.

iii.

United States of America
The United States of America is a large country in North America, with a land

area totaling 3.8 million square miles between the continental mass and its two additional
states, and a population of almost 319 million as of 2014 (United States Census Bureau).
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Due to the size of the country, climate varies greatly as one moves from the northern
border to the south, and likewise west to east. While states such as Florida and California
experience seemingly endless summers, areas such as the Midwest have four distinct
seasons, ranging from more than 30C in the summer to below -20C in the winter, with
varying amounts and forms of precipitation depending on the season as well as the region
(“United States of America Weather”). In the middle lies the Great Plains, which
experience more moderate temperatures but much more distinct rainfall patterns. Overall,
the climate of the United States very much depends on the location as well as the season,
as the nation as a whole is more similar to a collection of microclimates rather than one
distinct climatic region.
The United States can be broken into five major climatic regions, and these
regions can also be used to examine demographic and economic characteristics (see
image 2). The western region is overall semiarid, although some parts have been known
to receive extreme amounts of rain or snow while others are prime examples of deserts
(United States Global Change Research Program, 2014). Additionally, the climate of the
west can change quickly and seasonal temperatures have large variations. The
mountainous regions get large amounts of snow and generally have cool temperatures
even in the summer. However, areas with low elevations, especially those along the west
coast, have hot summers and rarely get snow. Similarly, the southwest region is
incredibly hot and dry in most parts, with long spring, summer, and autumn seasons, and
only receives large amounts of precipitation during extreme weather events, usually in
the spring and early summer in the form of floods and hurricanes. Conversely, the
southeast region is slightly cooler and considerably wetter than its western counterpart.
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Due to coastal exposure, the temperatures are noticeably cooler due to winds from the
Atlantic, and the ocean also brings more precipitation, but with it the potential for more
hurricanes. Another region commonly the victim of natural disasters is the Midwest,
home to Tornado Alley. The area has four distinct seasons, including warm or hot
summers and frigid winters with large amounts of snow, especially in the areas south of
the Great Lakes. The last major climate region in the United States is the Northeast,
which again experiences four seasons, but is generally cooler than the Midwest due to the
northern latitude. The area is less susceptible to extreme weather, other than blizzards and
remnants of powerful Atlantic hurricanes.
The United States economy has multiple contributing parts. The main sectors are
extraction, including mining and agriculture, production of goods, which includes
manufacturing and construction, and the service sector, which ranges from transportation
to tourism (Haksever and Render, 2013). Mining occurs in several states, but locations
are different depending on what is being retrieved. For example, there are large coal
reserves in the eastern portion of the country, specifically Ohio, Pennsylvania, West
Virginia and Kentucky, while salt is mined from under the Great Lakes in Michigan and
Ohio, and gold was once mined in California and can currently be found in Alaska
(United States Geological Survey). Agriculture is much more ubiquitous, although the
crops vary by region, as cool season crops such as corn thrive in the Midwest while
cotton is grown in the south, and avocados, pecans, and grapes are heavily grown along
the west coast (Hamilton, 1995). Notable areas for manufacturing are the “Rust Belt”,
famous for automobile production in Ohio and Michigan, and “Silicon Valley” in
California, home to several computer and technological corporations (Hamilton, 1995).
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Construction is found on the outskirts of major cities across the whole country when the
city’s economy promotes the growth of subdivisions in the area, and the social sector is
also highly widespread as citizens of any major city need access to transportation,
education, healthcare, and leisure services (Hamilton, 1995).

III. Evaluation of Demographics
i.

India
India experiences a substantial problem when one examines income inequality.

According to the 2004 India Human Development Survey, the average Indian household
brought home the equivalent of 420 US dollars in the year 2004. However, this number is
highly unrepresentative of the structure of the rest of the economy, as only about 45
percent of households actually attained this value. The median income in rural areas was
closer to 150 USD, for about 20 percent of rural households and about 23 percent of
urban households. However, the overall span includes more than 1 percent of the
population making less than 15 USD, and around 1 percent making 3,767 USD or more.
With a span this large, the idea that 55 percent of the population makes just over 10
percent of the nation’s largest income is troublesome as these people attempt to get jobs,
raise families, and pay for basic living needs. Comparison of income inequality is shown
in figure 1.
India also has a very distinguishable age structure and is noted for a booming
young population, shown below in figure 2. The population of 1.3 billion lives at a
density of about 383 people per square kilometer and the size of the population increasing
fairly rapidly due to a reproduction rate of 2.3 children being born to each woman
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(United States Census Bureau). The infant mortality rate of 40 infant deaths per 1,000
live births is higher than the global average value of 32 infant deaths, male and female
life expectancies (67.46 and 72.61 years respectively) are somewhat close to the global
averages of 68.5 years for males and 73.5 years for females (World Health Organization).
With rates of 20.2 births and only 7.4 deaths per 1,000 individuals, the population is still
growing steadily, which means a larger demand for space, food resources, and clean
water, all of which can be impacted by changing environmental quality.
Gender discrimination is an additional issue in India, although modern differences
between men and women are not as extreme as they previously were and as many would
believe. However, secondary status caused by centuries of patriarchal culture have
affected women in terms of their health, financial status, education and involvement in
politics (Foundation for Sustainable Development). Women in India typically marry at
young ages and consequently become mothers when young as well. This forces young
women into the role of housewife and gives them certain financial responsibilities and
tasks associated with maintaining a home and children, such as getting water, keeping the
house warm, and ensuring the children have enough to eat. The latter often affects a
mother’s health, as she is most likely to go without food if there is not enough to go
around. Additionally, taking care of a home and children at such a young age means that
women usually do not receive high levels of education, resulting in a literacy rate of 54
percent in women, compared to 76 percent in men (Foundation for Sustainable
Development). Men who spend their days working are likely to be in towns with access
to plumbing and cleaner water, while women and children spend their days in homes
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without these common conveniences. Comparison of gender equality can be seen in
figure 5.

ii.

South Africa
Income inequality is worse in South Africa than most other countries according to

the 2008 National Income Dynamics Study (NDIS). The study found that in South
Africa, the wealthiest 10 percent of citizens earn 58 percent of the nation’s total income,
43 percent being earned by the top 5 percent. This value has increased from the 1993
value, when the top 5 percent earned only 38 percent of the income, according to the
1993 Project for Statistics on Living Standards and Development. With the national
poverty line set at $43 per month, 47 percent of South Africans live in poverty, with 4
million people living on less than a dollar a day in 2006. These values also vary
according to race in South Africa, as 63 percent of black children live in households
making less than 66 US dollars while this value for white children is only 4 percent.
Comparison of income inequality is shown in figure 1.
The age structure and population characteristics in South Africa are much
different than those of India and also significantly differ from the global averages (see
figure 3). The population of less than 53 million lives at a density of just 45 people per
square kilometer, and the population is only growing at a rate of 1.34 percent annually
(United States Census Bureau). The reproduction rate of 2.4 children born to each woman
suggests that there should be moderate growth within the population, but a large infant
mortality rate of 43.78 deaths out of 1,000 births keeps numbers from getting too high.
Life expectancy in South Africa is also considerably lower than global averages, at 59
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years for men and 63 years for women (World Health Organization). The birth and death
rates (19.61 births and 16.99 deaths per 1,000 population) seem to also help keep
population growth to a crawl, ultimately resulting in a lesser demand for resources such
as space, food, and clean water.
The 2009 World Economic Forum determined that South Africa is seventeenth of
136 countries in terms of measuring gender equality. The nation ranks fifth in the world
in women holding parliamentary positions (since 2009, nearly half of the available
Parliamentary seats in South Africa have been occupied by females) and eleventh with
women in ministerial positions (Wessels, 2014). This suggests a shift toward enabling
women to gain positions of power and become more present in the public eye. Globally,
the Forum ranked South Africa eighth in terms of gender equality, however a study
afterward determined that residents, both men and women, feel that further steps could be
taken so ensure even more equal experiences. Comparison of gender equality can be seen
in figure 5.

iii.

United States of America
Since the economic recession in 2008, income inequality in the United States

worsened significantly and is continuing to increase as the economy attempts to recover.
The Congressional Budget Office noted an increase in income going to the top 1 percent
jumping from 13.3 percent in 2009 to 14.6 percent in 2011, and another 1 percent
increase between 2011 and 2012 alone, while income going to the remaining 99 percent
increased just 1 percent between 2009 and 2012 overall (Perese, 2015). Increasing
inequality leads to more American citizens living in poverty, an estimated 16 percent in
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2012. The United States has the second highest child poverty rate in the developed world,
with 16.7 million children living in poverty in 2011 (Kiznets). Meanwhile, Forbes
Magazine’s “2015 Top 400”, which names the 400 wealthiest people in America,
requires that one make at least 1.7 billion dollars annually to even make the list (Dolan
and Kroll, 2015). Comparison of income inequality is shown in figure 1.
As of 2016, the United States is the third most populous country in the world,
with 320 million citizens living at an average of 32.54 people per square mile. The
population is growing slowly, with each woman only having 1.86 children, resulting in a
population growth rate of only 0.77 percent annually and a growth structure shown in
figure 4 (United States Census Bureau). The life expectancy for Americans is also above
the global averages, at 77.11 years for men and 81.94 years for women. A birth rate of
13.42 births and 8.15 deaths per 1,000 people is causing slight population growth, but
overall the United States population is growing at a slow enough pace to make
management of resources such as water, space and food plausible for the near future in
most regions (World Health Organization).
Several issues surround the topic of gender inequality in the United States,
spanning from employment to domestic safety to reproductive rights. However, the most
relevant to this study are women’s earning potential, health and safety, and education
(Smilowitz, 2015). For example, Millennial women (those becoming young adults in the
early 21st century) are overall more likely than Millennial men to have earned a college
degree, but are still more likely to live in poverty and have lower earnings than Millennial
men as well. Additionally, a larger number of women are currently earning high school
diplomas and finishing college than previously, but there is still a considerable number of
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women not completing high school or not attending college as well. A female college
graduate aged 59 will have earned nearly $800,000 less in her lifetime than her male
counterpart due to the wage gap associated with gender in the United States (Smilowitz,
2015). This overall affects women’s ability to access appropriate resources, escape
environmental pressures, and raise themselves and their families in a way that allows
them to be healthy, safe and secure. Comparison of gender equality can be seen in figure
5.

IV. Air and Water Quality Issues and Impacts
i.

India
India falls victim to the effects of poor air and water quality for a number of

reasons. Most noticeable is likely the fact that citizens in India live at such a high density
(383 people per square kilometer) (United States Census Bureau) that were the resulting
per capita air and water contamination considered to be a “normal” amount, it would still
be too highly concentrated due to the limited land space available. Additionally, India’s
economy is heavily based on agriculture, textile production and mining, each which
comes with its own concerns regarding air and water pollution, but the need for economic
progress often outweighs the concern regarding pollution in developing countries such as
India (Adeola, 2000).
The main issue regarding air quality in India is the smog, made up of particulate
matter, which forms a layer so thick that in areas with heavy pedestrian traffic, signage is
often posted to ask cars to honk their horns to pedestrians do not get hit (“Breathe
Uneasy”). Another major concern, especially in low income regions of the country, is
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indoor air pollution caused by the burning of wood to heat homes and power stoves
without proper ventilation. This disproportionately affects women, as they are the ones
who stay home to care for the children and maintain the house (Foundation for
Sustainable Development). However, indoor air pollution, as well as particulate matter
can both cause major problems with one’s respiratory system, including throat irritation,
respiratory problems, and at times, carbon monoxide poisoning, resulting in near
immediate death (World Health Organization). One notable contaminant surprisingly
lacking in India’s air is sulfur dioxide, commonly emitted by diesel vehicles. This is not
to say that India emits no sulfur dioxide, as lorries used as military transport vehicles are
still fairly present on the streets, however, as only 5 percent of Indian households own a
vehicle, the emissions of sulfur dioxide caused by automobiles is significantly below
what one would expect for a population of that size (“Breathe Uneasy”). With this in
mind though, there is hope that India could push the idea of mass transport and maintain
walking and biking practices to potentially avoid one of the most harmful causes of air
pollution in the world.
India is currently suffering a water crisis resulting from three main causes: large
population demanding too much water, poor water quality due to lack of treatment, and
over extraction of groundwater (Luthra and Kundu, 2013). World Health Organization
guidelines state that a country is deemed “water-stressed” if it can supply fewer than
1,700 cubic meters of water per person annually. However, the 2011 population estimate
of 1.2 billion people who are using a water supply between 700 and 1,200 billion cubic
meters (bcm) of water can only be consuming 1,000 cubic meters annually per person at
best (Luthra and Kundu, 2013). This value has significantly changed from 1951, when
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each person was potentially allotted between 3,000 and 4,000 cubic meters of annual
water use (Luthra and Kundu, 2013). In addition to competing with fellow citizens for
water, one must also consider the amount of water being used for agriculture in India,
which was estimated to be around 251 bcm in 2010 (Luthra and Kundu, 2013). This leads
to groundwater depletion as well, making it even less likely that people in the future will
have the water resources they need. Worse still, the quickly growing population is
demanding not only more water, but more food that must be grown using water
resources. Water that is used is also not quickly recycled due to lack of proper
infrastructure and water treatment techniques (Luthra and Kundu, 2013). Most rivers,
including the Ganges, contain water with coliform counts too high to make it usable for
bathing, let alone drinking. While water treatment facilities exist, they cannot be
maintained because the consumer cost to use them simply doesn’t allow it. Overall,
India’s status as an underdeveloped nation with a rapidly growing population has led to a
number of water issues that may create an inescapable downward spiral if continued.

ii.

South Africa
The South African Apartheid, a period of racial segregation lasting from 1948 to

1994, left the nation with numerous air and water quality issues that are affecting the
health of the citizens that live there (History Channel, 2016). However, the demolition of
the apartheid and movement toward integrated democracy left the region without
appropriate funds to correct the situation, meaning inhabitants are forced to either move
to a different location, where they must find a new job and rebuild their lives, or remain
where they are and deal with the poor environmental quality that exists in that place.
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In South Africa, there are three main pollutants known to be diminishing air
quality: carbon dioxide, sulfur dioxide and particulate matter (United Nations
Environmental Programme, 2014). The majority of this is caused by the nation’s 17 coal
burning power plants. The availability of coal in underground reserves has led to low
electricity prices for residents of South Africa, but also produces over 300 metric tons of
carbon dioxide annually (United Nations Environmental Programme, 2014). An
additional 1.8 million tons of sulfur dioxide are released as a result of electricity
generation (United Nations Environmental Programme, 2014). Additionally, several tons
of particulate matter rain down upon the nation annually as a resulting combination of
energy generation heavy mining practices (United Nations Environmental Programme,
2014). Health effects associated with the above pollutants include headaches, difficulty
breathing, heart problems, elevated blood pressure, coma, asphyxia and death (World
Health Organization). However, these impacts are much more likely to touch people of
low income and disproportionately black families in South Africa as these people are
forced to live in the major cities alongside coal power plants since their status does not
enable them to move elsewhere.
In terms of water quality, the majority of water in the region is either inaccessible
or polluted to the point of being unusable. Contaminants are generated by three main
causes, namely mining practices, oil spills, and poor sanitation. Mining in the region
leads to and increased sediment load in passing rivers, as well as the potential for
increased heavy metal concentrations (such as lead, copper, and mercury) entering the
waterway as a part of that sediment (Genthe et al). Additionally, mining produces sulfuric
acid drainage that is toxic to plants and animals (Genthe et al). The location of South
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Africa at the southernmost tip of the continent, as well as the concentration of oil located
in the area, increases the potential for oil spills that contaminate coastal waters used for
fishing (Genthe et al). Lastly, there are still underdeveloped parts of the country without
access to proper sanitation, and as a result certain water bodies may be contaminated with
sewage (Genthe et al). Health risks associated with these water issues include various
cancers, organ damage, nervous system damage, and death, as well as a number of
bacterial and microorganism-related issues associated with ingestion of sewage. Again
these issues are more likely to affect people of low income who are unable to avoid the
situations.

iii.

United States of America
The United States is a special case in terms of evaluation of air and water quality

for a few reasons. Firstly, the nation as a whole has such a large area that water quality
issues affecting one region may have no effect on other places, while air quality issues on
the west coast often impact those living on the east coast and in the states in between due
to wind patterns blowing across the country. Additionally, due to the diversity of
industries and lifestyles across the country, causes of one problem in one area may be
completely different than causes of the same problem in a different area. Lastly, the
interconnectedness of the nation in terms of geographical factors such as lake and river
location is not necessarily proportional to where large populations live, so there may be
areas experiencing serious pollution problems that are not affecting a large number of
people (Fausey, 1995).
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The United States suffers from two main air quality issues: smog and particulate
matter. According to a 2014 study by the American Lung Association, 47 percent of the
American population lives in counties with unhealthy levels of ozone or particulate
pollution (American Lung Association). Sources of smog, otherwise known as ozone
pollution include industry, transportation, and chemical use, each of which emits the
toxin that can lead to development of asthma, difficulty breathing, and cardiovascular
issues, as well as premature death (American Lung Association). While ozone production
due to transportation is directly correlated to the population density in the area, chemicals
are frequently produced in one region and transported to other locations which may not
have as large a population (American Lung Association). Meanwhile, particulate
pollution results from industry, transportation, and energy generation, but due to larger
surface area and mass of particles, it is much more likely to be carried from one place to
the next and settle in a new location (American Lung Association). This leads to
breathing problems, especially for those already at risk such as children, the elderly, or
those with pre-existing conditions such as asthma or chronic obstructive pulmonary
disorder (COPD) (American Lung Association). Both can be either short-term or yearround, the worst air pollution overall occurs primarily in California, but also in the
northwest in cities such as Pittsburgh and Cincinnati (Peeples, 2015).
Main water quality issues in the United States can be categorized as either
microorganisms, organic chemicals, or inorganic chemicals. While all have different
causes and implications, all make drinking water inconsumable, and therefore present
major complications for those living in the area. Bacterial sources have a variety of
causes, including improper water treatment resulting in human waste contamination, or
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natural occurrence with flares spurred by nutrient flooding (United States Environmental
Protection Agency). Regardless of the source, bacterial contamination can cause a variety
of ailments including gastrointestinal illnesses, pneumonia, and possibly parasites.
Organic chemicals commonly come from either the water treatment itself, or leaching
from pipes and underground storage and transport methods, but are also likely a result of
runoff of herbicides and fertilizers from agriculture (United States Environmental
Protection Agency). Organics can lead to blood and nervous system problems, as well as
cancers, organ damage and reproductive issues. Lastly, inorganic compounds likely erode
from natural mineral sources or household items, or are introduced by industries such as
pulp and steel mills (United States Environmental Protection Agency). This can lead to
organ damage, skin irritation, gastrointestinal problems, bone problems and occasionally
death in severe scenarios. While these substances can be detected, prevention and cleanup
are large-scale projects that must be carefully planned and funded to protect public
health.

V. Conclusions
The maps below compile data regarding income, age, and pollution levels. Image 3
relates air and water pollution to age in the United States, finding that California, the state with
the most air and water pollution, also has a very young average population. This may suggest
that as the population of an area ages, people are likely to choose to move away from polluted
areas. This is not always the case, as one must also be able to afford to move to another location,
as states such as Florida and West Virginia have characteristically older populations, but because
of lower average income these people are forced to deal with poor air quality. However, the
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United States is made up of a large population of immigrants that go to states such as California
and Florida, which is a major factor not examined in this study.
Image 4 shows a geographic representation of the world’s most polluted cities,
specifically in India, South Africa, and the United States. As predicted, the United States has a
larger number of polluted countries, which is expected due to its much larger size. However, it is
interesting to note that polluted cities in India and South Africa seem to be spread out across the
countries, while the United States seems to have an eastern cluster and a western cluster. This is
likely the case in countries with large area, as there will be pockets that are more developed (the
west coast and New England area in the case of the United States) and there will be areas that
have less concentrated industry and development (the Great Plains, for example) and therefore
are less susceptible to pollution.
Lastly, Image 5 relates population of polluted cities to their geographic location, as well
as the income status of the countries in which they are located. This brings the major differences
between the three nations in this study. The United States is a very large country that is
categorized as high income, but also contains a large number of polluted cities, many of which
have very large populations. India is considered lower income and has pollution issues, but their
population is largely located in one area, which affects the population as a disproportionate
number of people are exposed when pollution occurs in bigger cities. Lastly, South Africa has a
moderate income, with three major polluted countries with fairly similar populations. This means
that while pollution is impacting the population, it is generally equal across the country, meaning
that those of all ages, genders, and financial standings are likely to be equally effected.
Each of the countries examined in this study presents characteristics that can be examined
in relation to other countries potentially suffering from the same issues. India is a nation with a
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growing population that is heavily influenced by population density and income inequality,
thereby causing high concentrations of particulate matter in the air, and high demand for a very
limited water supply. South Africa has a strong mining history that built a country with a sizably
unequal population economically, as well as sulfur emissions and water contamination due to its
past. The United States has a variety of demographic differences, and multiple polluted regions
depending on the situation. These can serve as models for various other countries attempting to
solve environmental problems or examine how certain situations will impact or be influenced by
the combination of environmental and demographic components. This will hopefully create a
way that nations can work together and avoid political and geographic borders and conflicts in
hopes of making the world a cohesive group and a better place to live.
A strong correlation also arose between the three countries observed. In all three, income
inequality was increasing, and there was a larger proportion of impoverished people in rural
areas. This is especially true in India and other developing nations, and leads to more
environmental degradation and a higher instance of extreme weather events, causing devastation
and loss of homes, agriculture, and economic opportunities, forcing the population into even
more poverty. This represents a global pattern, and is just one instance of how this study can be
used to predict the effects of certain problems on populations.
The same can be done with air and water quality issues. For example, an area with poor
water quality is likely to have a higher instance of disease due to pathogens or substances in the
water. This means people drinking the water will spend less time earning money, getting
educated, or taking care of their homes, due to the time and money spent on hospitalization and
recovery due to poor water. Degraded homes, poor education and hospital bills present a difficult
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situation to overcome, making it much less likely that one will ever be able to relocate to an area
where proper resources such as clean water are available.
Similarly, regions with very young populations and poor air quality are likely to have a
large number of children missing school due to respiratory infections and a higher proportion
with asthma. This means children are less educated and are coming from families that are paying
for medication, hospital bills, and doctor’s visits, if they are able to afford healthcare at all. This
results in children growing up and not getting the best possible job, and raising families in the
same poor quality in which they were raised. This creates a cycle where the air quality corrupts
the population’s health to the point where they are unable to have the same economic and
livelihood potentials as those raised in areas with better air quality.
An important note is that this is in fact a global issue. While this study focuses on three
countries in seemingly isolated instances, each country has some sort of air or water quality issue
that is affecting the way citizens live their lives, and therefore changes the dynamics and
demographics of the country itself. This study aims to present situations that are relatable to
other countries so that possible effects and changes can be anticipated in hopes not to create
feedback loops that one cannot escape.
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VI. Figures and Images

Figure 1: Comparison of income inequality of several world nations, including South Africa,
India, and the United States. For the Gini coefficient, a value of 0 represents perfect equality,
while a value of 1 represents perfect inequality. (Economist Group, 2015)

Figure 2: Age structure diagram for India in 2014, showing population in millions by age.
(IndexMundi)
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Figure 3: Age structure diagram for South Africa, showing population in millions compared to
age. (IndexMundi)

Figure 4: Age structure diagram for the United States, showing population in millions and age in
years. (IndexMundi)
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Figure 5: Illustration of the Gender Inequality Index of several nations, where values close to 0
(light yellow) represent equality and values close to 1 (dark brown) represent inequality.
(Adeola, 2000).
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Image 1: This image highlights the three countries being studied at this time: India, South Africa,
and the United States. The counties are in yellow against a map of the world.
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Image 2: Map of the 5 regions of the United States.
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Image 3: Map of most polluted cities in the United States in relation to average age in the state.

Image 4: Map of most polluted cities in the three countries studied.
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Image 5: Map of populations of polluted countries as well as incomes of world countries.
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